This study of the arterial blood of the spinal cord indicates that, of the 62 radicular branches (rami radiculares), at the most seven or eight truly participate in the vascularization of the spinal cord. The authors have observed that the situation and distribution of these branches enable the distinction of three large arterial areas: cervicothoracic, midthoracic, and thoracolumbar. The fixed nature of the intramedullary arterial distribution contrasts with the variability of the afferent arterial supplies. No demarcation permits separation of the vascularization of the spinal cord into anterior and posterior parts. The anastomotic systems situated on the arterial pathways are potentially valuable, but their functioning is problematical. The anterior spinal artery is not continuous, for in the midthoracic region there exists a critical narrow zone. The perimedullary anastomotic system appears insufficient while intramedullary anastomoses are without functional value.
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Standard Arterial Vascularization of the Spinal Cord
The classic description of a vertical arterial pathway composed of an arteria spinalis longitudinalis anterior and two arteriae spinales longitudinales posteriores reinforced at each level by rami radiculares was corrected by the observations of Adamkiewicz in 1882,1 Kadyi in 1889, 15 and Tanon in 1908. 58 In brief, the anterior spinal artery is not continuous; moreover, the radicular branches are of unequal length and certain of them supply more than one segment of the cord.
Afferent Arterial Pathways and Arterial Areas
The 31 pairs of radicular branches, which penetrate the vertebral canal through the intervertebral foramen, are of three types:
1. Proper radicular branches, which end within the roots or on the dura mater before reaching the spinal cord; 2. Pia mater radicular branches, which do not penetrate beyond the arterial systems surrounding the spinal cord; 3. Spinal branches, which are the only ones that truly vascularize the spinal cord. Thus, of the 62 left and right radicular branches, seven or eight at the most really participate in the vascularization of the spinal cord. We have observed that their situation and distribution are more or less fixed, and make it possible to distinguish three large arterial areas: the superior or cervicothoracic area, the intermediate or midthoracic area, and the lower or thoracolumbar area (Fig. 1) . 24 Superior or Cervicothoracic Area. The cervicothoracic area includes the cervical spinal cord and the first two or three thoracic segments. The rich vascularization of the superior cervical segments is provided by the anterior artery descending from the intracranial vertebral artery which rarely goes below the 4th cervical segment. The middle segments are supplied by two or three arteries descending from the intratransverse part of the vertebral artery. The lower segments are supplied by a constant artery descending from the costocervical trunk. These are the arteries that vascularize the cervical enlargement of the spinal cord.
Intermediate or Midthoracie Area. The midthoracic area corresponds approximately to the 4th, 5th, 6th, 7th, and 8th thoracic segments. Its vascularization generally comes from a single artery situated at about T-7.
Lower or Thoraeolumbar Area. The thoracolumbar area includes the last three or four thoracic segments and the lumbar enlargement. Its rich vascularization generally depends on a single artery coming from one of the last dorsal arteries or one of the first lumbar arteries. As early as 1882 this artery was described by Adamkiewicz 1 under the name of "'magnus ramus radicularis anterior"; its importance was neglected by most authors. In 1957 one of us proposed calling it the "arteria intumeseentia lumbalis" (Lazorthes, . This name 23 it is constant, and we are surprised that it has not been described previously. Several sacral radicular branches con- verge on its convexity. One of these is the artery described by Desproges-Gotteron in 1955 in a study of paralyzing sciatica, 4 which, by means of the communicating branch of the conus, should be able to provide anastomotic pathways.
lntrameduUary Arterial Distribution
The constant nature of the intramedullary arterial distribution contrasts with the variability of the afferent arterial tracts. Throughout the spinal cord the following may be distinguished:
1. Peripheral arteries, which descend from the radicular branches supplying the pia mater and the spinal cord to vascularize white matter; 2. Central arteries, or arteries from the anterior median sulcus, provided by the spinal branches alone, to vascularize a central area, made up of gray matter and the inner part of the white matter ( as substitutes for the standard ones described. The "substitution" pathways of the arterial vascularization of the central axis of the nervous system are laid out on four anastomotic levels: those of the standard arterial supply, a basilar group of median anterior anastomoses, a periaxial group, and an intraaxial group. 1 These anastomotic areas exist in the spinal cord as in the rhombencephalon and the cerebrum. 1
Anastomoses of the Afferent Arterial Supply (Extravertebral Substitution Pathways) Superior or Cervicodorsal Area of the Spinal Cord.
To make a precise study of the participation of the different arteries in the vascularization of the cervicodorsal spinal cord, we injected colloidal baryx into the vertebral arteries and into each of the collaterals of the external carotid and subclavian arteries. We have observed that not only the two or three arteries issuing from the vertebral arteries and that coming from the costo- cervical trunk participate in the vascularization of the cervicodorsal cord, but also the occipital, deep cervical, and ascending cervical arteries (Fig. 5) . The vertebral artery, in fact, anastomoses with the tiered collaterals of the ascending and deep cervical arteries and collaterals of the occipital artery. These anastomoses constitute a real "suboccipital arterial crossroads. ' '19 In 1965, Houdart and associates 13 reported several angloFro. 5. Diagram of the vascularization and arterial substitution pathways of the cervical spinal cord. 1 = common carotid, 2 = innominate artery, 3 = external carotid, 4 = internal carotid, 5 = vertebral artery, 6 = ascending cervical artery, 7 = deep cervical artery, 8 = occipital artery, 9 = anterior spinal. In the suboccipital area, the anastomoses between the vertebral (5), ascending cervical (6), deep cervical (7), and occipital (8) arteries form the "suboccipital anastomotic arterial crossing." mas of the cervical cord which were supplied by multiple and bilateral afferent arteries that stemmed not only from the vertebral but also the ascending and deep cervical arteries and the costocervical trunk (Fig. 6) .
We have injected fluorescent neurotropic tracers in dogs and monkeys in vivo. Our observations led us to several conclusions.
First, when one of the vertebral arteries is reduced in diameter, the branches stemming from the cervical and the occipital arteries do not appear more voluminous on the corresponding side; their anastomotic substitution value therefore appears to be simply potential, that is, they only intervene in case of deficiency in the other vertebral artery.
Second, in the case of unilateral thrombosis of the vertebral artery, if the remaining artery is itself of reduced diameter the substitution may be observed to come from collaterals of the subclavian and external carotid arteries. Lenz, et al. (cited by Ziilch3~ reported the case of a patient who, after ligature of the external carotid because of cancer of the tongue, presented major spinal cord deficits; it is probable that the external carotid of this patient, via the occipital, had taken over the work of the thrombosed vertebral artery. In vertebral thromboses, the distal segment of this artery may be reutilized by the blood from the occipital and deep and ascending cervical arteries. :,3,m~,2~ In one of our obzervations, the ascending cervical artery filled the upper portion of the thrombosed vertebral artery, and the occipital artery induced an increased current above in the vertebral and basilar arteries.
If there is unilateral thrombosis of the vertebral artery, it is recognized that the other vertebral artery can substitute in vascularization of the rhombencephalon. Fisher and associates s have shown that lateral necrosis of the medulla oblongata sometimes occurs only after thrombosis of the other vertebral artery and that ischemic changes are then usually to be found on the side of the recent obliteration. This would seem to demonstrate that the lateral area of the medulla oblongata corresponding to the older vertebral thrombosis had already been cared for by the substitutions made possible by the "suboccipital anastomotic crossroads."
Finally, in the case of thrombosis originating in the left subclavian artery, these may be retrograde occupation of the vertebral artery on the same side from the level of the right vertebral artery. This inversion of the vertebral current brings about a diversion of the blood stream which is manifested by signs of basilar insufficiency ("steal syndrome" of Anglo-American authors). This phenomenon, which is beneficial to the subclavian artery and the upper limb, may also be beneficial to the vertebral artery, and thus to the vascularization of the spinal cord. ~ Midthoracic Area of the Spinal Cord. As we have seen, this area is uniquely provided with afferent arterial distribution issuing from one of the midthoracic spinal branches. Can there be extra-rachidian substitution for this artery? We have tried to reply to this question by injecting successively each of the dorsal spinal branches at its aortic emergence after tying off the intercostal artery. We have observed that the entire injection rapidly appears on the opposite side as well as in the adjacent upper and lower levels. (Fig. 7) . It must thus be admitted that the dorsal spinal branches are united by their different collaterals. The artery destined for the corpus vertebral body anastomoses within the vertebral itself with its supra-and subjacent homologues and also the contralaterals. The branch that penetrates the vertebral canal through the intervertebral foramen anastomoses within the posterior longitudinal ligament and vertebral body with the homologous supra-and subjacent branches, but particularly with the contralateral homologous branch. This network may take on noteworthy importance. Moreover, the terminal branches of the dorsal arteries which spread out within the adjacent muscular mass also anastomose widely with the supraand subjacent homotogues. It may furthermore be admitted that throughout the length of the vertebral column there is a longitudinal substitution pathway situated within these muscular masses from the nuchal to the lumbar region.
Thus, substitution pathways exist between the arterial blood supplies, not only in the midthoracic area of the spinal cord, but throughout the length of the vertebral column. It is impossible to estimate their functional value. It is interesting to know of them, since they are sometimes shown by selective aortal angiography carried out for angioma of the spinal cord. 6 Lower or Thoracolumbar Area of the Spinal Cord. The artery of the lumbar enlargement may be compensated for by other arteries, probably nonfunctional in the physiological state but able to intervene in case of deficiency of the normal supply.
Outside the vertebral column there are arterial anastomoses analogous to those found in the cervical and thoracic spinal cord. In fact, it must be admitted that from the occiput to the sacrum, horizontal anastomoses unite the vertebral branches of the cerebral, thoracic, and the lumbar arteries, and vertical anastomoses unite the posterior muscular branches of these arteries. Inside the spine, certain sacral spinal branches that lead to the communicating branch of the conus of We have studied the variations of these arteries by the injection of colored substances, and particularly by the injection of colloidal baryx followed by radiography, first on the cadaver, then on a monkey and dog. 1~- 21 We have noted that there are one or two arteries for each root of the cauda equina. Profile pictures taken after separation of the anterior and posterior roots clearly show that the branches accompanying these roots enter the anterior and posterior spinal arteries respectively.
The injection of neurotropic fluorescent tracer in an artery supplying the nervous system brings about intense blue fluorescence of the area vascularized by this artery and perfectly delimits its functional arterial area (Fig. 8) . 1~
This experiment carried out on the dog and monkey 2~ in the arterial supply of the lumbar enlargement enables us to conclude that, in normal conditions, if there is deficient function of the artery of the lumbar enlargement, the subjacent radicular branches will be able to vascularize this area.
In man, if a solution of colloidal baryx is injected into the abdominal aorta below the lumbar artery which produces the artery of the lumbar enlargement, the material appears within the entire enlargement (Fig. 9) . It probably arrives there by way of the arteries of the roots of the cauda equina issuing from the lumbar, iliolumbar, medial and lateral sacral arteries, and, finally, by way of the communicating branch of the conus of the spinal cord.
Basilar or Anteromedian and Periaxial Anastomoses
The periaxial anastomoses unite the cerebral arteries in the cerebrum, and the cerebellar arteries in the cerebellum; in the rhombencephalon they are much less abundant. In the spinal cord, they unite the anterior and posterior spinal arteries.
The anterior basilar anastomotic artery of the spinal cord is continuous and of large diameter in the cervical and lumbar regions; on the contrary, in the midthoracic segments, it is of reduced diameter and often presents one or more lapses of continuity. It terminates in the communicating branch of the conus. What is the substitution or anas- tomotic value of the anterior spinal artery? In the following 1958 experiment on the fetus, Lazorthes, et al., 22 tied off the two vertebral arteries in their passage through the occipital dura mater and injected the basilar artery under pressure. The opaque medium spread from top to bottom via the anterior and posterior spinal arteries as far as the cervical enlargement but not beyond. It came out by one of the cervical spinal branches and then probably went on to ill/the entire arterial system since it was found in the artery of the lumbar enlargement without the arterial pathway of the spinal cord that was injected. We have recently taken this question up again. In a first series of injections carried out on one of the vertebral arteries, we again observed that the opaque medium did not descend below C-4. Only on one ocFro. 9. Radiogram, lateral view, showing the lumbar enlargement of the human spinal cord. Note, on the left, the pathway of the anterior spinal artery and the anterior branches of the lumbar enlargement (1) and the spinal artery (2) from the roots of the cauda equina. Note, on the right, the pathway of the posterior spinal artery and its posterior branches (3) from the roots of the cauda equina. Note also, on the bottom, the anastomotic loop of the co.nus medullaris (4) .
casion did it reach T-6, but this was a somewhat forced injection and probably did not correspond to physiological conditions. In a second series of four cases, when the injection was carried out in the artery of the lumbar enlargement, the medium was found throughout the surface of the spinal cord, but only on the surface. The injected medium was always poorly visualized deep in the midthoracic region.
It may be concluded that there is no continuous perimedullary longitudinal substitution pathway. The three areas that we have described are functionally isolated: the upper cervicothoracic and lower thoracolumbar areas are separated by the midthoracic area, whose poor vascularization we know, and where anastomoses are more or less nonexistent.
Radiological exploration of the anterior spinal artery is still in its early stages. In the cervical region, Houdart and associates 13 studied angiomas of the spinal cord by vertebral and subclavical angiography. In the thoracic and lumbar segments, selective injection of the branches of the aorta enabled Djindjian and associates 5 not only to explore angiomas of the spinal cord, but ruptured discs and intravertebral neurinomas, and often to rediscover the anterior spinal artery.
The posterior spinal arteries form part of the perimedutlary network. They are fairly well individualized in the cervical and lumbar regions. In the thoracic area, they are slender. In any case they are discontinuous and terminate by forming the two posterior horns of the communicating branch of the spinal cord conus.
The superficial arterial supply of the spinal cord consists of irregular anastomoses, least rich in the thoracic segments. This arterial supply emits widely radiating vessels (coronae radiatae) which vascularize almost all the white matter and the head of the posterior horns. It does not represent a continuous vertical anastomotic arterial supply and only plays the role of a reservoir for distribution to neighboring segments. In fact, it only protects the peripher~l or sut~erficial compartment, as shown by the softening of the central segments (Ziilch's "crayon") in the case of obstruction of a central artery.
Intra-axial Anastomoses
The central arteries of the anterior median sulcus ( arteriae sulcocommissurale~ ) coming from the anterior spinal artery vascularize a central or deep area. Variable in number, as we have said above, they provide the blood supply of the gray matter (exceptin~ the head of the posterior horn) and very little of the deep white matter. They anastomose sometimes with their neighbors by vertical branches situated within the ~ra7 matter. Only a few very fine nonfunctional anastomoses unite the terminal branches of the central arteries and those of the radial arteries. The central and peripheral areas are juxtaposed and their meeting place is a circular frontier zone situated between the two systems.
Conclusions
The multiplicity of the safety systems of the arterial vascularization of the spinal cord does not unfortunately signify that their functional value is never-failing. The anastomotic systems situated on the afferent arterial pathways are not to be ignored, but their functioning is very problematical. The anterior spinal artery is not continuous for in its midthoracic area there exists a critical zone. The perimedullary system is insufficient; it protects only part of the peripheral area. Intramedullary anastomoses are without functional value.
We admit that the nearer the arterial obstruction is to the aortal origin and the farther it is removed from the spinal cord, the greater the possibilities of anastomotic substitution. Stenosis of one of the thoracic arteries or lumbar arteries carrying the artery of the lumbar enlargement, or that of the vertebral artery, gives a greater chance of successful anastomotic substitution than that of a radicular branch destined for the spinal cord. As with cerebral circulation, it is also certain that the slower the obstruction is in establishing itself, the greater the chances of effective intervention by the substitution pathways, whereas a sudden obstruction takes the substitution pathways by surprise.
